Coal has traditionally been relied upon as a good source of bulk energy in many pyro processes especially in cement manufacturing and thermal power generation. In Zambia, cement manufacturing, a key and growing industry, uses coal as the main source of energy for the pyro process in the cement kiln that converts raw materials to a semifinished product called clinker. Despite the advantages that coal has over other sources of energy in this market including its high energy content and its easy accessibility, burning coal has significant known and documented disadvantages especially towards the environment and human health that give way to dissenting views on its continued use. In attempts to address the environmental effects of coal usage in cement manufacturing and consequently contribute to the lowering of production costs, Cement manufacturing companies have been pursuing the possibilities of coal substitution with Municipal Solid Waste (MSW). The MSW should however; conform to certain standards before it can be used in the substitution in order not to affect the quality of cement produced. This paper sought to characterize the Municipal Solid Waste in Lusaka to ascertain its conformity to international recognized standards in order to be used in coal substitution. The results show that the characterization of MSW showed that it could be a viable substitute to coal burning in cement manufacturing in Zambia. Apart from the high moisture content in the rainy season, the other readings were all favorable to its use as an alternate energy source. The high moisture content meant that during the pre-treatment for possible use in the cement manufacturing, pretreatment processes could be employed to help align the moisture content before its use as the substitute for coal in cement manufacturing.
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Introduction
Coal is one of the most used sources of energy on the planet. It is the second most important source of energy that covers 30% of global primary energy consumption (World Energy Council 2016) . Due to its high calorific content and ease of burning, it is used predominantly in many pyro processes in the world as an excellent energy source due to its high calorific values (Slater B, 2011) . In China for example, it accounted for 65% of the country's total electricity generation in 2016 (Energy Brainpool 2017) . According to the U.S. Energy Information Administration (EIA 2017), China's usage of coal in the power sector will remain flat up to 2024 owing to increases in renewables. In USA, coal is also a significant source of energy for a large section of the power generation activities, contributing about 40% (DOE 2015) . In cement manufacturing, coal has been traditionally the main source of heat energy worldwide (PCA 2011) . It is abundant and its by-product of combustion blends easily with the end product of the pyro process in cement manufacturing and therefore highly preferred.
However, it is also a known fact that coal is not a very clean source of energy (Anderson JW, 2008) . From the human and biological impact of black lung disease, asthma attacks and heart attacks attributed to its harmful emissions, to its geophysical impact on global warming and ozone layer depletion; better ways to control its use or find other ways to burn it more cleanly ought to be found. Because of the seemingly many advantages that coal has over other sources of energy that include its abundance and ease to convert to useful energy; it has continued to be exploited as an energy source even at the expense of people's health (Anderson JW, 2008) .
Municipal Solid Waste (MSW)
Municipal Solid Waste (MSW), commonly referred to as "trash" or "garbage", is made up of all kinds of waste generated from residential, commercial and industrial sites. Its composition is made up of such items like old packaging materials, old furniture, old tires, newspapers, etc. When pretreated, it is also known as Solid Recovered Fuel (SRF). This waste generally excludes the medical, nuclear or other hazardous waste that is processed differently and disposed off in other ways (EPA 2008) .
The handling and disposal of MSW is a growing concern as its volumes world over continues to grow. Since 1980, the total MSW generated on a global scale has increased roughly by 60% to over 800 million tons per year. Packaging and non-durable goods account for half of all the MSW generated (Heller and Keoleian 2000) . Currently, almost 60% of MSW generated is disposed of in landfills (Heller and Keoleian 2000) . Environmentally, landfills pose many challenges that include the loss of land area resources, potential leaching of hazardous materials to ground water (contamination) and emissions of methane to the atmosphere (EPA 2011).
About 15% of generated MSW is disposed off through waste incineration with energy recovery (Heller and Keoleian 2000) . But before MSW can be used for energy recovery in replacing fossil fuels, certain quality parameters have to be met (Glorius 2014 ). This quality is defined in terms of composition, heating value and environmental parameters such as chlorine and mercury concentration (Hassan and Kalam 2013) . Combustion reduces the MSW to ash by about 75% (by weight and volume) for disposal. Although incineration of MSW produces some pollutants (such as CO2), it's still considered a good way to deal with the growing amounts of waste in landfills because the carbon dioxide produced from the combustion has already been accounted for in the planet's carbon cycle -it's not a new addition to the carbon cycle. The byproducts of the incineration; heat energy and steam can be harnessed for power generation and in cement manufacturing.
In Lusaka (Zambia), there is very little known about the local MSW. Its composition is virtually unknown because very few sites have been studied thoroughly thus far. In the last few years, several small-scale studies have been sanctioned and carried out but have only provided limited information on MSW in Lusaka and Zambia (Mumba et al., 2011) . However, effective waste management through MSW composition studies is important for numerous reasons. The composition of generated waste is extremely variable as a consequence of seasonal, lifestyle, demographic, geographic, and legislation impacts. This necessitates research studies on MSW composition determination. This variability makes defining and measuring the composition of waste more difficult and at the same time more essential (Gidarakos et al. 2006; Tatarniuk 2007) .
Due to the fact that socio-economic development index and economic prosperity of any region determines the constituents of MSW, it is very important to study the MSW found in Zambia and understand its current make up thoroughly. Zambia has generally been growing its economy at a steady rate of roughly 6% per year in the past decade (World bank as cited in (Hampwaye et al. 2014) ). This has seen the expansion of the middle class and with that, some changes in habits and standards of living leading to big impact on the MSW streams generated.
Materials and methods
The characterization of the MSW was undertaken on two levels; the physical and chemical based on Beck's methodology for MSW waste characterization (R.W. Beck 1998). Samples were taken from sites over a period of 12 months, covering many locations and many waste stream origination ports and different seasons within Lusaka city. This was done in order to account for the impact of seasonal changes on the waste streams. The amounts of samples to be used and studied were determined by the broadly accepted American Society of Testing and Materials (American Society for Testing and Materials 1992, re-approved 1998).
Physical characterization
The physical characterization involved determining the various MSW categories, collection of waste at the appointed landfill site and sorting after the determination of the sort protocol. The sorting resulted into the various MSW being characterized into their various categories. This was done in Zambia at the landfill and at the university of Zambia laboratory for the moisture content study.
Chemical characterization
The chemical characterization of the MSW involved a laboratory assessment using various laboratory procedures. These procedures included but not exclusive to gravimetric analysis, micro analysis, bomb combustion or sintering, calorimetry and calculation. The others were ionic chromatography and mass spectrometry. All these procedures were conducted according to internationally accepted standards and guidelines highlighted alongside each test. A specialized laboratory in France was engaged for the thermal decomposition study on the MSW.
The laboratory experiments were performed using a horizontal furnace and a bomb calorimeter to study different end products of the MSW. The thermal decomposition happened at different atmospheric conditions in order to be able to analyze the dioxins and the furans (PCDD/PCDF) generated as a result of the thermal decomposition of the MSW provided from or found in Zambia. The bomb calorimeter calculated the calorific values of the MSW. The dioxins and furans (PCDD/PCDF), which are unintentional by-products of many combustion processes, were recorded and documented.
The chemical analyses were conducted on nine (9) different samples in order to reveal the concentrations of mineral compounds in the MSW using Ionic chromatography, a process that separates ions and polar molecules based on their affinity to the ion exchange (Inamuddin and Luqman 2012-) . All the samples were analyzed according to the framework provided in guideline ISO 10304-1 (ISO 2007).
Moisture Profile
The moisture content of the sampled MSW was determined using the classic laboratory method of Loss on Drying (LOD) (Carbolite Gero Ltd 2018). It involved weighing of the sample material, heating it in an oven for an appropriate period, and then cooling it in the dry atmosphere of a desiccator. It was thereafter re-weighed. The difference in the two weight measures gave a good account of the volatile matter in the sample, which is generally attributed to moisture.
Calorific Value
The determination of the heating value or calorific value of the MSW was undertaken in order to determine the amount of heat released during the combustion of the sample. Two values were obtained to express both the Higher Heating value (HHV) and the Lower Heating Value (LHV). The former involves determination of the total heat released of the sample including any volatile matter, particularly moisture. The LHV is determined after removing the heat of vaporization of the water vapor from the higher heating value. This ensured that the heat value determined was of the MSW/SRF sample, which could be useful in the energy substitution process.
The samples were analyzed using the XP CEN/TS 15400 standard, which provides the international standards for -Methods for the determination of calorific values' for SRF. Two samples were analyzed for the HCV and the related LCV calculated. The laboratory determined HCV were related to the LCV which was calculated or theoretical ones as provided by the XP CEN/TS 15400 (CEN 2005) .
Pollutants Profile
The experimental analysis of the pollutant profile was undertaken on the MSW samples in order to investigate the occurrence and amounts of any pollutants that may affect the kiln cement pyro-processing, the cement quality and potential for their emission into the atmosphere during the trials and subsequent use of the MSW in the energy substitution process. These procedures covered those for metal analysis and elemental analysis for non-metals.
Metallic Pollutants
Two principal investigative procedures were done on the MSW samples. They were all spectrometric laboratory procedures. These were Atomic Absorption Spectrometry (AAS) and Inductively Coupled Plasma Spectrometry (ICPS). Atomic absorption spectroscopy (AAS) is a Spectro-analytical procedure for the quantitative determination of chemical elements using the absorption of optical radiation (light) by free atoms in the gaseous state (Filho et al. 2012) . This was principally applied in the determination of the existence of mercury hydrides in the sample and their relative amounts.
ICP mass spectrometry is employed in the detection of metals and several non-metals at concentrations as low as one part in 1015 (part per quadrillion, ppq) on non-interfered low-background isotopes (Dobson et al. 2018) . This is achieved by ionizing the sample with inductively coupled plasma and then using a mass spectrometer to separate and quantify those ions. This latter procedure was undertaken to determine the presence and concentrations of any metals in the MSW samples. These included both the common and trace elements. This is a requirement as provided for in the adopted international standards that stipulate methods for the determination of elements in a sample.
Non-Metal Pollutants
A combination of procedures was conducted on the elemental constituents of the MSW samples. These included Micro analysis, Bomb Combustion and Ionic Chromatography. Micro or elemental analysis involved the determination of the mass fractions of carbon, hydrogen, nitrogen, and heteroatoms (X) (halogens, sulfur) of the samples. A combination of gravimetric and thermal conductivity or infrared spectroscopy detection of the combustion gases was employed in the elemental analysis.
Bomb combustion was employed in the determination of the Sulphur and halogen constituents. It involves the combustion of the sample under elevated oxygen pressures; usually up to 25atm. Ionic Chromatography was employed in the determination of the total Chlorine. It is a process that separates ions and polar molecules based on their affinity to the ion exchanger.
Results

MSW Physical Characterization Analysis
The results of the physical characterization are tabulated in Tables 1 and 2 and the graphical representation of the results is shown in figure 1. Based on the results in table 1, a further distinction was made to determine the number of recyclables of all forms from the different waste streams. Table 2 below shows the distribution over the same study period of recyclables and organic waste. The results of the physical characterization reveal that organic waste was predominant and accounted for at least 50% of all the waste collected and sampled through each of the characterization periods, with the period December to March being highest at 58%. This result showed that total organic waste accounted for more than two-thirds or almost 70% (column of total organics) of the waste collected and sampled through-out the characterization period with recyclables (plastic, metal and others) taking up the remainder. Of these recyclables. Over 50%, an average of 18% for the whole period, were plastics, with glass at 7.7% average and others at 3.7%, making up the remainder for the whole period. The recycling of particularly glass may thus prove challenging due to the low recoverable amounts with recoverable metals exhibiting an even lower recovery amount. This may render the recycling process for these two, highly costly as the collection and sorting costs may be prohibitive towards achieving a sustainable recycling venture.
Further categorization revealed that household waste formed the bulk of the organic waste with over 50% (Table 2 ). This waste is generally high in moisture content, as shown in figure 2 for Moisture content Analysis.
The trend lines over the whole period for physical characterization indicate a categorization that is patently similar, albeit with minor deviations, that are largely attributable to the weather pattern prevalent over much of the country and sub region. The median period from May to November is initially cool and dry, then becoming hot and drier, with resultant loss of biomass moisture content and reduced household waste due to reduced amounts of vegetable waste. Further analysis of this status is highlighted in conjunction with the moisture content analysis outlined below.
Moisture Profile of the Waste Analysis
The moisture profile of the samples over the period of the characterization revealed the following behavior depicted in figure 2. Conspicuous is the last four months of the sampling period, which reveals moisture content values that hover around 50%. This is December to February at almost 49% average, while the period February to March recorded 54.3%, with the whole period averaging at 51.5%. One of the samples within this period had almost 60% (sample 2, @59.16%) moisture content, while the other sample had 56.6%.
The first two sampling periods revealed lower moisture content values, with the period June to August averaging 39.5% and the September to November being at 21.7%, and the whole period averaging 30.6%. This initial sampling phase experienced the lowest moisture content value at almost 18% (sample 1, September-November). Thus, between the two sampling phases for 'low' and 'high', almost 21% moisture content difference exists for any MSW offering any potential for use as a source of alternate energy.
While the characterization study discloses the availability of recoverable organic waste throughout the year, the moisture content analysis provides insight into the ideal period within which this MSW should be collected and pretreated. This is the same median period from May to November, with climatic conditions varying from initially cool and dry, and then becoming hot and drier, with resultant loss of biomass moisture content and reduced household waste due to reduced amounts of vegetable waste. It later becomes hot and wet, due to the onset of the rainy season, and hence creating a spike in the moisture content of the MSW. This period affords lower pretreatment costs for the collection, sorting and drying of the MSW for eventual use as a potential alternate energy source in cement manufacturing.
MSW Chemical Characterization Analysis
The chemical analysis on the MSW involved finite analysis that differentiated the elemental pollutants and the extracts of sulfur compounds, alkalis and chlorides. The graphical representation is shown in figure 3 below.
Figure 3:
The laboratory chemical results of the alkali and sulphate extracts of the MSW A total of eight /samples were analyzed for extracts of chlorides, nitrates, sulphates and orthophosphates. Of primary importance in the cement pyro process are the sulphate and chloride extracts, whose impacts are discussed below. Whilst the nitrates and orthophosphates were identified, their amounts were very minute and negligible. The average of the nitrates revealed amounts that were less than 0.017% by weight, while the orthophosphates averaged 0.009%.
Chloride Alkalis
Of the eight samples analyzed, chloride extracts were identified in seven, with appreciable amounts in samples 4 and 5. The remaining five samples revealed values that were less than 1,000mg/kg dry on weight basis. Similarly, sulphates were present in all the eight samples with samples 5 and 8 registering values that were substantial and above 1,000mg/kg dry on weight basis. The consideration of the alkali content in the MSW is principally because of their potential effect on the cement as the main product of the pyro processing.
The principal use of cement is in the construction industry as structural concrete for load bearing members. This is achieved by the mixing of cement (which provides the binding medium after the exothermic chemical reactions) with differently sized stone aggregates and sand in water. The required concrete strength is realized by varying the proportions of these three constituents of cement, aggregates and sand in water.
Several experiences from kiln operations (Stanton 1940 ) reveals that certain aggregates, especially siliceous aggregates such as opal-bearing rocks, chert and quartz, can react with alkalis in cement. The alkali content found in cement is derived in appreciable amounts in part, from the alkalis present in the fuel used in the pyro process, principally coal and other alternative fuels employed either in mono-or co-combustion process. The potential reaction leads to formation of an alkali silicate gel which creates expansive forces within the concrete and has been associated with cracking and failure of concrete sections (Frohnsdorff et al. 1978) .
The other impact of high chloride content in cements, as derived from the fuel (coal/ MSW/SRF) alkalis, is the potential effect of the chlorides on corrosion of steel, when the cement is used in concrete, with steel reinforcing bars in most structural load bearing members. Thus, the ASTM Standard C-150, provides a further classification for cement as either a 'low alkali' or 'high alkali' cement. In the consideration for chloride alkalis, Low alkali cements limits are 0.6 % by weight and high alkali limits are 2.0%. Analysis of the chloride extracts revealed the following values tabulated in Table 3 .
Of the eight samples analyzed, six were less or equal to 0.1%, one was 0.21% and the last one was 0.43% of the sample. This sampled MSW that was eventually used in the co-combustion process revealed alkali extracts that were less than 0.6%. 
Sulphate Alkalis
The concern for the effect of the alkali content on cement from embedded alkali constituents in the fuel also exists for sulphate based alkalis (Frohnsdorff et al. 1978) . This effect lies in the potential reaction that leads to formation of an alkali silicate gel. The gel creates expansive forces within the concrete and has been associated with cracking and failure of concrete sections made from cement that has high alkali content.
Two other effects of high sulphate content are on cements and the internal refractory surface of the kiln. After the clinkering process is complete in the kiln, at over 1,000oC Calcium sulphate or gypsum is added to condition the clinker and thus be able to control the setting time of the concrete product, particularly structural concrete. The presence of excessive sulfate levels in cement have been associated with a condition known as "efflorescence" (Bogue 1955) .This is the migration of a salt to the surface of a porous material, (setting concrete in this case) where it forms a coating. The essential process comprises the dissolving of the internally held salt in the cement in water. The water, with the salt now held in solution, migrates to the surface, and later evaporates, leaving a coating of the salt. This process affects the concrete strength.
Additionally, the formation of deposits (known as "rings") in the middle of the kiln is sometimes attributed to cake inducing salts such as calcium sulfate and/or alkalis during the kiln service. Thus, even though cement kilns have ability to remove sulfur dioxides (SO2) from exhaust gases, limits on the amounts of sulfur which can be acceptably incorporated into the clinker have been developed by ASTM. This is 3% by weight. Analysis of the sulphate extracts from the MSW revealed the following values tabulated in Table 4 . Of the eight samples analyzed, six were less or equal to 0.1%, one was 0.14% and the last one was 0.69% of the sample. This sampled MSW revealed alkali extracts that were less than 1.0%. The elemental results of the assessment conducted on the MSW revealed 0% on dry basis by weight of all the nine samples that were tested for Sulphur (Table 4) . This is consistent with the results from the alkali extracts.
Calorific Value Analysis of the MWS
The samples were analyzed using the XP CEN/TS 15400 standard, which provides the international standards for -Methods for the determination of calorific values for MSW. The samples were analyzed for the HCV and the related LCV calculated. The first 8 samples were analyzed to provide average working values for both the HCV and LCV. These are outlined in table 6. From the standard (CEN/TC 343), the most important characteristics of MSW that have to be met in order for the MSW to be of a high quality and usable in cement manufacturing in terms of its energy content is to be of relatively high calorific power in the range of 16-18MJ/kg. Since the analysis of the MSW in terms of calorific values from all the eight samples averaged a high of 21.43MJ/kg, this MSW proved to be a possible excellent substitution to coal in cement manufacturing as a source of energy.
Pollutant Profile Analysis of the MWS
The experimental analysis was undertaken on the MSW/SRF samples in order to investigate the occurrence and amounts of any pollutants that may either affect the kiln cement pyro-processing, the cement quality and or potential for their emission into the atmosphere during the subsequent use of the MSW/SRF in the energy substitution process.
Metallic Pollutants
Two principal investigative procedures for metallic pollutants were done on the MSW/SRF samples. They were both spectrometric laboratory procedures. These were Atomic Absorption Spectrometry (AAS) and Inductively Coupled Plasma Spectrometry (ICP). The results of the experiment are shown in the table 7. The Mercury occurrence is of particular importance as its concentration is one of the primary pollutants considered in the consideration of MSW in the energy substitution process according to the international standard of CEN/TC 343. Mercury is a dangerous neurotoxin that interferes with brain and nervous systems. Exposure to mercury can be particularly hazardous for pregnant women and small children (Earthjustice 2008) .
Analysis of the mercury presence in the solid waste as highlighted in table 7, revealed negligible presence of mercury in the MSW. Of the eight samples analyzed, six were less than 0.1 of the unit used, one was less than 2 of the unit used and the last one was discounted. This sampled MSW revealed mercury levels that were less than 0.1 per unit on majority samples and way below the acceptable or allowable limits of 0.1mg/nm3 (EPA,2016) . And therefore, the MSW used for the experiment qualified as a high quality and usable alternate to coal in cement manufacturing in Zambia.
Non-Metal Pollutants
A combination of procedures was conducted on the elemental constituents of the MSW/SRF samples. These included Micro analysis, Bomb Combustion and Ionic Chromatography. The results of the experiments are tabulated in table 8: The averaged values for the samples tested are shown in table 9. Of particular importance is the level of elemental Chlorine and Sulphur in the samples, which have a bearing on the cement quality. After processing, the potential contamination of the environment due to the anticipated emissions and their impact on the potential for the use of the MSW in the proposed energy substitution process had to be fully appreciated. If Sulphur and chlorine is very high and not balanced by alkalis, they will continue to recirculate within the cement kiln system and increase the probability of kiln rings and build-ups.
Clinker quality is also affected because Sulphur which is not combined with alkalis forms a solid solution with the silicate minerals. This type of Sulphur inhibits required chemical reactions in the kiln resulting in poor quality clinker and cement. If the chloride does not manage to escape, too much of it in the clinker will accelerate the corrosion of the reinforcing steel in the concrete.
From the results of the experiment, no Sulphur was detected in the sampled MSW. This is a good result for the viability of MSW as an alternate energy source in cement manufacturing. The results of the chloride availability in the sampled MSW showed that six samples were less or equal to 0.1% of the weight, one was 0.21% of the weight and the last 0.43% of the weight. Low alkali cements limits are 0.6 % by weight and high alkali limits are 2.0%. This sampled MSW/SRF revealed chloride alkali extracts that were less than 0.6% and the subsequent cement would then be low alkali cement better for steel longevity in the concrete that is reinforced with steel.
Discussion
MSW studied had a high organic content (high in carbon content) of approximately 56% of the weight. High Carbon content implies corresponding high calorific values. The MSW studied had high value of calorific value of 21.43 KJ/Kg and low value of 18.43KJ/Kg. A requirement for MSW to qualify as a good substitute for coal is that its calorific values range between 16-18MJ/kg. The MSW found in Zambia meets the standard required to be classified as a high quality and usable alternate to coal in cement manufacturing in Zambia.
MSW studied had the highest moisture content in the months of December to March (Rainy season in Zambia) of 51.5%. The other months of the year had moisture content that averaged 30.6%. To overcome the challenge of high moisture contents during the rainy season, three possible solutions could be implemented. Ø Substantial amounts of MSW could be collected and pretreated during the dry phase of the year and stockpiled for use throughout the subsequent cement producing cycle. This will have to carefully incorporate the required MSW substitution ratios from which the minimum required limiting MSW quantities could be determined. This would require appropriate storage facilities to be available, to ensure the non-degeneration of the pretreated MSW before its dosing into the cement kiln operations. Ø Collection and pretreatment of MSW throughout the year, with mechanisms installed or implemented which would facilitate the whole process of treatment that is unhindered by the upward change in MC that is greatly influenced by the changed climatic pattern for at least four months of the wet period of the year. Ø The last option may involve collection and pretreatment of the MSW throughout the year, but without external interventions that take stock of the changing climatic conditions. This option will entirely depend on conducting the operations with an 'eye to the sky', i.e. conducting operations when the weather is favorable and maximizing the recovery and pretreatment of MSW and conveniently stockpiling enough quantities for use as a substitute for coal. In all these operations, the substitution ratios have to be considered to inform the quantities for recovery, stockpiling and dosing.
The MSW studied had chloride extract readings of an average of 0.13%, good enough to be considered a low chloride source of energy in cement manufacturing as per the ASTM standard. The sulfate extract readings averaged 0.13%, good enough to be considered a low sulfate source of energy in cement manufacturing as per the ASTM standard. The metallic pollutant profile of the MSW studied had low mercury level readings of less than 0.1 mg/Kg of dry; a good reading for its viability as a good source of alternate energy to coal in cement making.
The characterization of MSW showed that it could be a viable substitute to coal burning in cement manufacturing in Zambia. Apart from the high moisture content in the rainy season, the other readings were all favorable to its use as an alternate energy source. The high moisture content meant that during the pretreatment for possible use in the cement manufacturing, other processes could be employed to help align the moisture content more before its use as the substitute for coal in cement manufacturing
